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Abstract 
The purpose of this study was to investigate the effects of different levels of mealworm (Tenebrio Molitor) larvae 
meal in Japanese quail (Coturnix coturnix japonica) diets on performance, egg quality, yolk color, and yolk fatty 
acid composition. A total of forty-eight, 14 weeks-old laying quails were used with 4 replicates in control (basal 
diet), mealworm larvae meal (MLM) 2% or 4 % treatment groups. Results showed that independently of 
inclusion level dietary MLM did not affect performance and egg quality parameters. However, color values (L*, 
a*, b*) of egg yolk changed with the inclusion of both levels of MLM to diet (p<0.5). Outcomes also displayed 
dietary MLM altered the fatty acid composition of egg yolk dependably the additional level (p<0.5). Diets 
containing 2 and 4 % MLM did not affect total saturated fatty acid (ƩSFA) content, however, increased total 
monounsaturated fatty acids (ƩMUFA) (p<0.5). Both supplemental levels of dietary MLM decreased significantly 
the total polyunsaturated fatty acids (ƩPUFA) of the yolk compared to the control group (p<0.5). According to 
outcomes of this study, MLM may use in safe as feed material instead of soybean meal at levels of 2 or 4 % without 
effect on performance parameters in laying quail diets. 
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INTRODUCTION 
The quest for new natural protein sources has become important for sustainable 
animal production, due to the high costs and limited future availability of 
conventional poultry feed resources, such as soymeal and fishmeal (Elahi et al., 
2020, Moula and Detilleux, 2019). Currently, insects have been evaluated as a new 
high protein feed material for animal nourishment (Sánchez-Muros et al., 2014) 
Insect meals have the potential to become a standard ingredient in animal diets, 
because of the high quality and quantity of protein (Ramos-Elorduy et al., 1997). 
Furthermore, insects and their derived by-products represent potential feed 
materials for farm animals including poultry, pig, and fish (Henry et al. 2015, 
Makkar et al., 2014, Van Huis, 2013, Veldkamp et al., 2012). The utilization of 
insects has become more extensive as livestock feed, because of their energy, 
amino acid, fatty acid, and micronutrient contents, and insects are considered as 
valuable sources for domestic animal nutrition (Makkar et al., 2014, Rumpold and 
Schlüter, 2013). Insects have been assessed as feed material in the poultry 
industry too, and some insect species have been used in diets (Veldkamp and 
Bosch, 2015). Amongst the different insect species, the yellow mealworm to be 
especially suitable for poultry feeding, and it was reported that larval and pupal 
stages of T. Molitor are rich in protein and easy to produce and feed (Bovera et al., 
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2015). Tenebrio Molitor larvae are also called yellow mealworms and evaluating as a potential protein source due 
to their nutrient content, digestibility, flavor, and functional ability. MLM obtained from mealworm larvae, has 
approximately 44-69% crude protein and 23-47% fat dry matter content (Veldkamp et al., 2012) and in terms of 
macronutrients, mealworms can be considered to be good feed material to meet poultry nutrient requirements. 
Recently, studies have increased in the literature that reviewed the nutrient composition and the usage of MLM 
instead of conventional protein sources in poultry diets (Jajić et al., 2020, Selaledi et al., 2020).  
 Experimental studies reported that MLM in broiler diets has increased body weight and weight gain (Elahi et al., 
2020) and caused a better feed conversion ratio (Bovera et al., 2015). However, there is insufficient data regarding 
the usage of MLM in alternative poultry species diets such as quail, and also studies are limited about the effects of 
MLM in laying poultry diets on reproductivity, egg quality, and fatty acid composition. Herewith, the aim of this 
study was to investigate the effects of levels of 2% and 4% additional whole fat MLM in laying quail diets on 
performance, egg quality properties, and egg yolk fatty acid composition. 
 
MATERIALS AND METHODS 
 The animal experiment was conducted at the Prof. Dr. Orhan Düzgüneş application and research farm facility of 
Selcuk University Agriculture Faculty. All animal experiments were carried out according to the local ethics 
committee directives of Selcuk University. 
 Animal housing procedures 
 In this study, a total of forty-eight, 14-week-old laying quails (Coturnix coturnix japonica) were used, and animals 
were randomly allocated to three dietary treatments. Each treatment group had 16 quails, with 4 replicates and 4 
quails per compartment. The quails were reared under semi-controlled conditions in cages with dimensions 33 x 
40 x 28 cm. Throughout the 56 days trial, a 16-hour artificial light and 8-hour dark program was applied, feed and 
water were supplied as ad-libitum. Experimental diets were formulated to meet the nutrient requirements of the 
National Research Council (NRC 1994) (Table 1).  
Table 1. The nutrients composition of experimental diets 
Ingredients (g/kg) 
Dietary mealworm levels (%) 
0 2 4 
Corn 506 522 540 
Soybean meal (44.0 % CP) 2 370 345 318 
Mealworm larvae meal (51.0 % CP) 2 0 20 40 
Vegetable oil (8800 kcal/kg ME)3 45 35 25 
Limestone 53 55 56 
Di-calcium phosphate  18 15 13 
Salt 3 3 3 
Premix1 3 3 3 
L-Lysine 0 0 0 
DL-Methionine 2 2 2 
Calculated nutrients    
Energy, MJ ME 12.14 12.13 12.15 
Crude protein, % 20.07 20.11 20.08 
Calcium, % 2.53 2.53 2.53 
Available phosphorus, % 0.36 0.36 0.37 
Lysine, % 1.23 1.26 1.27 
Methionine, % 0.53 0.55 0.57 
Methionine + Cysteine, % 0.88 0.86 0.83 
1: Premix provided the following per kg of diet: retinyl acetate, 4.0 mg; cholecalciferol, 0.055 mg; DL- α-tocopheryl acetate, 11 mg; nicotinic 
acid, 44 mg; calcium-D-pantothenate, 8.8 mg; riboflavin sodium phosphate, 5.8 mg; thiamine hydrochloride, 2.8 mg; cyanocobalamin, 0.66 mg; 
folic acid, 1 mg; biotin, 0.11 mg; choline, 220 mg; Mn, 60 mg; Fe, 30 mg; Cu, 5 mg; I, 1.1 mg; Se, 0.1 mg. 2: Analyzed values. 3: Analyzed fatty 
acids profile of vegetable oil is Palmitic acid (16:0) 7.46 %, Stearic acid (18:0) 3.02 %, Oleic acid (18:1) 17.09 %, Linoleic acid (18:2) 56.19 %, 
Arachidic acid (20:0) 0.45 %, Linolenic acid (18:3) 15.79 %. 
 All experimental diets were isocaloric and isonitrogenic and granulated form in medium size. The experimental 
diets were arranged as the basal diet (control), and treatment diets containing 2% and 4% MLM. The control diet 
was prepared based on corn-soybean meal and was replaced by soybean meal with added mealworm larvae in the 
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other two experimental diets. The nutrient composition of the experimental diets is given in Table 1. 
Mealworm larvae meal  
 Live mealworm (Tenebrio Molitor) larvae were provided from a local supplier (Mira Company, Antalya, Turkey) 
and larvae were immersed in boiling water for 3 minutes then dried at 80 °C in the oven and added to the diets after 
grinding.  The crude protein content of MLM was 51.0 % and determined by the Kjeldahl device and the total fat 
content of MLM was determined with the soxhlet device as 29.0 % (15). The fatty acid composition of MLM crude 
fat is presented in Table 2. 
Table 2. The fatty acid composition of Mealworm larvae meal 
Fatty acids % 
Capric acid (10:0) 6,529 
Myristic acid (14:0) 5,816 
Palmitic acid (16:0) 17,056 
Stearic acid (18:0) 4,055 
Oleic acid (18:1) 45,89 




ƩSFA: Total saturated fatty acids, ƩMUFA: Total unsaturated fatty acids, ƩPUFA: Polyunsaturated fatty acids 
 
 Performance parameters  
 Body weights were determined at the beginning and the end of the experiment and, body weight changes were 
calculated. Egg production was recorded daily, and feed intake was determined on weeks 4 and 8 of the trial. The 
feed conversion ratio was calculated as the ratio of average feed intake (g) / average egg mass (g) for each 28 days. 
Egg production was recorded and calculated at 28-day intervals for the two monitored periods. The periodical 
average of egg percentage (%) was calculated as (number of eggs: number of animals) × 100. Egg mass was 
calculated with the formula egg production (%) × egg weight (g) / 100. 
 
 Egg quality parameters 
 Eggs were collected on two consecutive days at the end of each 14 days. A total of 144 eggs (48 eggs from each 
group) were randomly sampled from each sub-group and weighed, and then the following was determined: eggshell 
breaking strength, eggshell thickness, and eggshell weight ratio, egg shape index, egg yolk, and albumen index. Egg 
yolk and albumen height were determined by a digital height caliper. Egg yolk diameter, egg albumen length, and 
width were determined by a digital caliper (Mitutoyo Inc., Japan). The following formulas were used: Egg yolk index 
(%) = (yolk height / yolk diameter) x 100; Albumen index (%) = (albumen height / (average albumen length and 
width)) x 100. Eggshell breaking strength was measured using a cantilever system by applying increasing pressure 
to the broad pole of the shell using an Egg Force Reader (Orka Food Technology Ltd., Ramat Hasharon, Israel). The 
cracked eggshells were washed and dried, then weighed using a 0.01 g precision scale. Eggshell ratio was calculated 
using the formula: eggshell ratio (%) = [(eggshell weight (g)/egg weight (g))/100]. Eggshell thickness (with 
membrane) was determined at three points on the eggs (one point on the air cell and two randomized points on the 
equator) using a micrometer (Mitutoyo Inc., Japan). The egg yolk color was determined using a Minolta CR-410 
colorimeter (Konica Minolta, Osaka, Japan). The L*, a*, and b* parameters correspond to the lightness (–100/+100, 
dark/white), redness (–100/+100, green/red), and yellowness (–100/+100, blue/yellow), respectively.  
 
 Determination of fatty acids 
 The oil of 60 egg yolks (20 eggs for each group) was extracted using the ethanol: chloroform solvent method 
(Kovalcuks and Duma, 2014). Fatty acid methyl esters of the egg yolk oil, and dietary vegetable oil were obtained 
according to the method recommended by the European Union (EU) regulation 2568/91 (Regulation 1991). Oils 
were weighed (0.10 g) into screw-cap glass tubes and dissolved in 10.0 mL hexane. Then, 100 μL 2N potassium 
hydroxide solution in methanol was added to the tubes and shaken vigorously for 30 s. The tubes were centrifuged 
at 2500 × g for 5 min and the upper layer was removed to a small vial and stored at 0 °C until the date of analysis 
(Ayyildiz et al., 2015). Crude fat of MLM extracted with the classic method by using di-ethyl ether solvent by using 
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soxhlet (A.O.A.C. 2000). Methyl ester of crude fat of MLM was obtained by the BF3 (Boron trifluoride) method 
(Metcalfe and Schmitz 1961). 0.15 g MLM crude fat was weighed in an Erlenmeyer, then 5 mL %2 NaOH: methanol 
solution added and boiled 10 minutes. Following 5mL BF3 was added and shaken, then 5mL n-Hexane annexed and 
cooled to room temperature. The obtained mix was transferred to 25 mL volume Balloon Joje and completed with 
saturated NaCl solution and shaken at least 10 times. The upper phase was used as methyl ester for Gas 
chromatographic determination. The fatty acid composition of methyl esters was detected by a gas chromatography 
(GC) device (Shimadzu GC-2010 Plus, Japan) which had an FID detector and HP-88 column (100m x 250 μm x 0.20 
μm id). The temperature at the injection block was 250 °C and the column oven heat program was adjusted as 2 min 
at 50 °C, 4 min between 50 °C – 250 °C, and 10 min at 250 °C. The carrier gas used was helium with a 1.3 mL/min 
flow rate. Fatty acids were detected by using the retention time (min) and area (%) data of identified peaks and 
classed with standards of fatty acids and were presented as a percentage. 
 
 Statistical analysis 
 The experiment was designed as a complete randomized model and data were analyzed using the ANOVA 
procedure with Minitab release (20). Tukey test was used to determine the differences among treatments which 
were found to be significantly different (P < 0.05). The model; 




Yij: Observation value from i. treatment and j. replicate 
𝜇: Mean 
ai: The effect of the i. treatment 
eij=Represent the error from i. treatment and j. replicate 
 
RESULTS AND DISCUSSIONS  
 Performance parameters  
 The effects of dietary MLM on performance parameters of laying quails are summarized in Table 3.  
 
Table 3. Effect of different levels of dietary mealworm larvae performance parameters in Japanese quail 
 Dietary mealworm larvae levels, % 
0 2 4 SEM 
Initial body weight, g 213.7 219.1 213.1 4.55 
Final body weight, g 222.2 228.0 216.0 12.13 
Body weight change, g 8.5 8.9 2.9 0.95 
Egg production, % 92.1 90.2 90.1 1.70 
Feed intake, g 24.6 24.8 24.9 0.38 
Feed conversion ratio (Feed intake / Egg mass) 2.24 2.40 2.43 0.059 
Egg weight, g 11.94 11.51 11.38 0.177 
Egg mass, g 10.98 10.38 10.25 0.228 
SEM: Pooled standard error of means 
 
 MLM addition to laying quail diets, independently of the levels affected none of the performance parameters (P 
>0.05). Biasato et al. (2016) have reported that the inclusion of mealworms did not negatively affect the 
performance of medium-growing hybrid female chickens. Similarly, Wang et al.  (2015) declared that mealworm 
meal may be used successfully in laying hen diets in place of 4% soybean meal. Ko et al. (2020) have used at the 
levels of 1, 2, and 3 % mealworm meal in laying hen diets and they reported that performance parameters were not 
affected by treatments. Conversely, one study reported adverse effects of mealworm meals on the feed intake of 
laying quails (Shariat Zadeh et al., 2020) and stated that feed intake was significantly increased in the group with 
mealworm meal substitutes in place of fishmeal (100%) compared to the control group, while feed intake decreased 
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in the 25%, 50%, and 75% treatment groups compared to the control group. However, the feed conversion ratio of 
quails fed with mealworm meal was not different from the control group. Outcomes of previous studies on the 
effects of mealworm meal on the performance parameters of laying poultry have shown that the level added can be 
an effective factor.  On the other hand, the majority of research similar to the present study confirms that MLM at 
the level of 2 or 4% can be used safely without an adverse effect on reproductivity performance in laying poultry 
diets.  
 Egg quality and yolk color  
 Egg quality and yolk color values results are given in Table 4.  
Table 4. Effect of different levels of dietary mealworm larvae egg quality and egg yolk color in Japanese quail 
 
Dietary mealworm larvae levels, % 
0 2 4 SEM 
Eggshell weight ratio, % 8.06 8.29 8.43 0.226 
Eggshell thickness, mm 0.346 0.324 0.319 0.0101 
Eggshell breaking strength, kg 1.48 1.42 1.46 0.063 
Egg shape index 77.48 76.31 77.26 0.795 
Egg yolk index 43.61 43.40 43.66 0.685 
Albumen index 11.84 10.63 11.25 0.352 
Egg yolk color value     
L* 54.62b 61.57a 62.80a 0.675 
a* -4.95a -6.26b -5.55ab 0.190 
b* 41.66b 45.78a 46.33a 0.493 
a,b Differences between the averages are significant in the same line with different letters (P < 0.05). SEM: Pooled standard error of means 
 
 The differences between egg quality parameters were not significant in the control group and the groups fed 
with the MLM added diets (P>0.05). However, yolk color values were changed in the MLM contain diet groups, and 
L * and b * values were significantly higher in 2 and 4 % MLM groups than in the control group (P <0.05). The a* 
value was significantly higher in the group containing 2% MLM than the control group (P <0.05), but the difference 
between the 4% MLM group was not significant. According to the current study results, the addition of mealworm 
larvae meal to the diet did not significantly affect egg weight and egg mass (Table 2). Similarly, some reports have 
declared that insects in the diet did not affect egg weight and mass. For example Shariat Zadeh et al.  (2020) stated 
that egg mass of laying quails was not affected by different dietary levels of mealworm meal, and Ko et al.  (2020) 
reported that additional mealworm meal at 1%, 2%, and 3% levels was ineffective on egg weight and egg mass. The 
effects of inclusion of 2 and 4 % mealworm meal in the quail diets, on egg quality and eggshell characteristics were 
insignificant (Table 3). A study that is very similar to our study in experimental design (Ko et al. 2020) reported that 
egg external quality parameters and albumen height and Haugh unit were not affected by the additional low levels 
(1%, 2%, and 3 %) of mealworm meal in laying hens’ diet. In obvious, regardless of the additional level of MLM in 
laying quail diet, it neither improved nor worsened egg quality, however when considering inadequate data on the 
effects of MLM on internal and external egg quality, it is clear that need further research. On the other hand, color 
values of yolk, L*, b*, and a* were changed significantly by the MLM 2 and 4 % levels in the diet (P<0.05). Egg yolk 
color is one of the most important factors that can affect consumer preferences, the deposition, and coloring capacity 
of oxycarotenoids, called xanthophylls provide visual yolk color perceived by the consumers (Santos-Bocanegra et 
al., 2004), and the consumers mostly prefer dark yellow, such as gold, yellow, and orange yolk (Hasin et al., 2006). 
Some studies on laying hens reported that mealworm meal in the diet increased the yolk color (Ko et al., 2020). 
Similarly, several studies found that insect-based feeds in laying poultry improved the yolk color and caused 
brighter yolk (Al-Qazzaz et al., 2016, Mwaniki et al., 2018). Alterations in egg yolk color values may depend on the 
pigmentation of the insects used and may be affected by the level of insect-based feed in the diet. However, 
eventually with the inclusion of MLM in the diet corn amount in diet formulation decreased in the current study and 
it should be considered that corn is an effective factor on yolk color may change L*, a*, and b* values. 
 The effect of MLM addition to the diet on egg yolk myristic acid, arachidic acid, Eicosapentaenoic acid, erucic 
acid content was statistically insignificant. Egg yolk palmitic and palmitoleic acid contents in the group fed with 2% 
MLM were significantly higher than in the control group (P <0.05). The oleic and lignoceric acid contents in egg yolk 
increased significantly in both MLM supplemented groups compared to the control group (P <0.05). However, yolk 
linoleic acid and α-linolenic acid contents decreased significantly with the addition of MLM to the diet (P <0.05). As 
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a result, independently of level dietary MLM did not alter ƩSFA content significantly but, increased ƩMUFA and 
decreased ƩPUFA content of egg yolk (P <0.05). As with all insects, the nutrient content of the mealworm larvae can 
vary depending on the substrates it feeds on in the growing medium (St‐Hilaire et al., 2007). When fed with diets 
rich in palmitic acid, stearic acid, oleic acid, linoleic and α-linolenic acids, mealworm larvae and pupae are contained 
these fatty acids in high amounts. However, oleic and α-linoleic acids mostly are dependent on the diet (Dreassi et 
al., 2017). In addition, mealworm larvae have not contained sufficient amounts of PUFA, EPA, DHA, and omega-3 
fatty acids. In the present study. 
Table 5. Effect of different levels of dietary mealworm larvae on egg yolk fatty acids content in Japanese quail 
 Dietary mealworm larvae levels, % 
0 2 4 SEM 
Myristic acid (14:0) 0.391 0.430 0.429 0.0242 
Palmitic acid (16:0) 23.84b 25.78a 24.70ab 0.296 
Stearic acid (18:0) 8.96a 8.04b 8.85a 0.109 
Arachidic acid (20:0) 0.521 0.419 0.441 0.0372 
Lignoceric acid (24:0) 0.088b 0.111a 0.116a 0.0048 
ƩSFA 33.80 34.78 34.54 0.312 
Palmitoleic acid (16:1) 3.93b 5.75a 4.45b 0.295 
Oleic acid (18:1) 38.20b 40.89a 42.13a 0.582 
Erucic acid (22:1) 2.08 2.16 2.29 0.0906 
ƩMUFA 44.21b 48.81a 48.88a 0.627 
Linoleic acid (18:2) 18.72a 14.37b 14.59b 0.437 
Eicosadienoic acid (20:2) 0.126a 0.068ab 0.046b 0.0155 
α-Linolenic acid (18:3, n-3) 1.950a 0.843b 0.735b 0.1951 
Eicosapentaenoic (EPA; 20:5) 0.098 0.077 0.064 0.0078 
Docosahexaenoic acid (DHA; 22:6) 0.192 0.158 0.154 0.0112 
ƩPUFA 21.09a 15.52b 15.59b 0.583 
a,b Differences between the averages are significant in the same line with different letters (P < 0.05). SEM: Pooled standard error of means. ƩSFA: 
Total Saturated Fatty Acids; ƩMUFA: Total Monounsaturated Fatty Acids; ƩPUFA: Total Polyunsaturated Fatty Acids. 
  
 MLM had contained %29 crude fat and as seen in Table 2. Oleic acid was the dominant fatty acid of crude fat of 
MLM and MUFA content was higher than SFA and PUFA contents.  In the current study, the addition of MLM to the 
diet as may be expected caused an increase in the egg yolk oleic acid content, and therefore an increase in the total 
MUFA content. However, the content of linoleic acid, α-linolenic acid, and DHA decreased with the addition of MLM 
to the diet. This result showed that with the inclusion of MLM to diet, vegetable oil content of diet decreased which 
has high linoleic and linolenic fatty acids (Table 1.), therefore yolk linoleic and linolenic acid content fall in the 
groups fed with 2 and 4% MLM and accordingly, the total PUFA content also decreased. However, despite MLM 
having a relatively higher SFA than vegetable origin oils at levels of 2 and 4 % levels did not increase the yolk SFA 
content of the yolk. A study that used a similar level of mealworm meal (1%, 2%, and 3 %) in laying hens’ diet has 
reported that egg yolk total PUFA concentration increased, however, total short-chain fatty acid and total MUFA 
were not affected by treatments (Ko et al., 2020) and this result suggests that the fatty acid profile of dietary 
mealworm and other ingredients in the diet may important factors they can change the fatty acid composition. As 
supportive of the present study, some studies that use insect-based meals in the laying poultry diets reported fatty 
acid changes of egg yolk. Bejaei and Cheng (2020) reported that the oil of eggs from laying hens fed with black 
soldier fly larvae has been shown to increase monounsaturated fatty acids and decrease polyunsaturated and 
omega-3 (Bejaei and Cheng 2020), but differently to this study increased saturated fatty acids. Similarly, Secci et al.  
(2018) have stated that with the addition of 17% black soldier fly larvae to the diet in laying hens the total SFA 
content of the egg yolk did not change, but there was a decrease in the total MUFA content. In addition, while there 
was an increase in omega-6 fatty acids, there was no change in omega-3 fatty acid content. As already known, 
research has shown that the egg yolk lipid composition is influenced by dietary fat (Cherian and Sim, 1991) and 
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both the present and former study results have demonstrated that the fatty acid composition of insects used in the 
laying poultry diets may alter the fatty acid profile of the egg yolk. Numerous studies have reported that increasing 
the ratio of PUFA and MUFA in the human diet reduces the plasma concentration of cholesterol and triglyceride 
(Grobas et al., 2001) therefore the fatty acid profile of egg yolk has become more important in recent years. In this 
study, even “relatively” low additional levels (2% and 4 %) of MLM have raised total MUFA and decreased PUFA 
content of quail egg yolk, however, they have not altered total SFA. This situation has shown that the fatty acid 
composition of insects may affect egg yolk fatty acid composition positively or negatively and additional levels of 
MLM added to layers’ diets should be determined carefully by considering their effects on egg yolk fatty acid profile. 
 
CONCLUSIONS 
 According to the results of this study, 2% and 4% mealworm meal may be used in laying quail diets without 
unfavorable effects on performance and egg quality. The addition of mealworm meals at these levels can improve 
yolk color values, and cause changes in the fatty acids content of egg yolk. the Results of this study indicate that, 
while replacing MLM with soybean meal in the laying poultry diet should be considered the amount of the other 
feed ingredients in the diet that may be effective on egg yolk color and fatty acid composition. Moreover, when 
thought the relationship between the fatty acid profile of feed ingredients and on yolk fatty acid content, a suitable 
level of MLM in the diet should be determined. 
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